The fragile nature of floating membrane resonators poses a serious problem for constructing a hybrid photonics platform. To overcome this challenge, we design and demonstrate encapsulated silicon nitride nanobeams and demonstrate coupling to layered materials.
Introduction
Recent years has seen many experiments investigating the cavity coupled properties of atomically thin materials. Often experimenters want to maximize the quality factor (Q), and minimize the mode volume (V) of their resonant structures to investigate effects such as Purcell enhancement and achieve strong coupling. Due to their large Q/V ratios photonic crystals (PhCs) often become the resonator of choice. However, PhCs tend to be floating and thus susceptible to damage once released from their substrate. This poses a major concern for hybrid photonic systems that wish to utilize these atomically thin materials, which are almost always transferred onto the resonator as the final step of device fabrication. Here we present our work on an encapsulated silicon nitride (SiN) nanobeam cavity to address this issue.
Results
Creating a PhC resonator in low index materials is generally difficult as the low index contrast at the PhC interfaces makes opening a band gap difficult. With SiN (n~2) surrounded by silicon dioxide and PMMA (n~1.45), it is difficult to open a bandgap with circular holes. Hence, we resort to elliptical holes which readily opens a bandgap [1] [2] . The cavity region is formed from (Fig. 1a) . After fabrication of the SiN membrane, we encapsulate the nanobeam with Poly(methyl methacrylate) (PMMA) or polycarbonate (PC) films as they have a refractive index similar to the silicon dioxide beneath the SiN membrane. However, these films are preferable to silicon dioxide as they are easily removed with acetone rather than hydrofluoric acid. This allows for rapid characterization and material transfer/removal cycles. Once encapsulated we measured the nanobeam resonance in transmission by pumping and collecting from the grating couplers on either side of the nanobeam. We selected two nanobeams for further study: one that had a resonance in spectral proximity of the defect centers in monolayer tungsten diselenide (WSe2) (Fig. 1c) , and one near the WSe2 exciton peak (Fig. 1d) . We then transferred monolayer WSe2 onto the cavities (Fig. 1b) using a PC stamp, and remeasured the transmission spectra (Fig. 1d, e ). An extra cavity peak appears when PC is used as the cladding layer due to its slightly higher refractive index.
Cavity Coupled PL
We conducted our cavity coupled photoluminescence (PL) experiments at 80 K. We illuminated the WSe2 with a 532 nm laser and collected the PL signal through one of the grating couplers. Our first device shows coupling to the defect centers (Fig 2a) while the second device shows coupling to the 2D exciton (Fig 2b) . The wavelengths and the linewidths of the cavities are in good agreement with those measured in the transmission spectra (Fig 1 d,f) .
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